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(57) ABSTRACT

In a gas sensor (100), a base end portion (1755) of a second
outer wall (175) of an outer protector (171) is airtightly con-
nected to a forward end portion (164¢) of a first inner wall
(164) of an inner protector (161). The outer protector (171)
has a taper wall (172) which is located on the axially forward
end side of the second outer wall (175). The taper wall (172)
has the shape of a tapered tube whose diameter decreases
toward the axially forward end side, and has a second outer
hole (176), which is a forward end opening. The entire taper
wall (172) is disposed on the axially forward end side in
relation to the inner bottom wall (162) of the inner protector
(161).

8 Claims, 6 Drawing Sheets
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1
GAS SENSOR

TECHNICAL FIELD

The present invention relates to a gas sensor including a
detection element which is exposed to a gas-to-be-detected in
order to detect a particular gas component contained in the
gas, and more particularly to a gas sensor having a protector
for protecting the detection element from adhesion of water or
the like.

BACKGROUND ART

There has conventionally been known a gas sensor which is
attached to an exhaust pipe of an automobile or the like foruse
and which includes a detection element which generates an
electromotive force the magnitude of which changes in accor-
dance with the concentration of a particular gas, such as NO,
(nitrogen oxides) or oxygen, contained in exhaust gas, or
whose resistance changes in accordance with the concentra-
tion of the particular gas. In such a gas sensor, if a water
droplet contained in exhaust gas adheres to the detection
element when heated to a high temperature, the detection
element may suffer damage, such as cracking, due to thermal
shock. Therefore, a protector for covering the detection ele-
ment is attached to the gas sensor so as to protect the detection
element from adhesion of water (see, for example, Patent
Document 1).

PRIOR ART DOCUMENT
Patent Document

[Patent Document 1] Japanese Patent Application Laid-Open

(kokai) No. 2011-112557

The gas sensor of Patent Document 1 includes a sensor
element (detection element); a first protection cover (inner
protector) which covers the sensor element and which has a
first gas introduction hole for permitting a gas-to-be mea-
sured (gas-to-be-detected) to flow from the outside of the first
protection cover to the inside thereof; a second protection
cover (outer protector) which covers the first protection cover
and which has a second gas introduction hole for permitting
the gas-to-be measured to flow from the outside of the second
protection cover to the inside thereof; and a gas flow passage
which extends from the second gas introduction hole to the
first gas introduction hole through a space between the first
protection cover and the second protection cover, extends
from the first gas introduction hole into the interior of the first
protection cover, and reaches to a forward end of the sensor
element.

Further, in the gas sensor of Patent Document 1, at least one
of the first protection cover and the second protection cover
has an inner wall member which is solid or has a closed space
therein and which is disposed to reduce the width of at least a
portion of a flow passage which is a portion of the gas flow
passage and which extends from the second gas introduction
hole to the first gas introduction hole.

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

Also, in the gas sensor of Patent Document 1, a through-
hole (inner gas discharge hole) is formed in the side wall of a
forward end portion of the inner protector so as to discharge
the gas-to-be-detected from the inside of the inner protector to
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the outside thereof. Moreover, a through-hole (outer gas dis-
charge hole) is formed in a bottom portion of a forward end
portion of the outer protector which surrounds the forward
end portion of the inner protector in order to discharge the
gas-to-be-detected from the inside of the outer protector to the
outside thereof. Notably, the outer gas discharge hole is
formed on the center axis of the outer protector. Also, the
forward end portion of the outer protector has a cylindrical
side wall and a disk-like bottom portion.

In the gas sensor of Patent Document 1 configured as
described above, the gas-to-be-detected taken into the interior
of'the gas sensor is discharged to the outside thereof through
the following route. Specifically, the gas-to-be-detected
introduced into the internal space of the inner protector is
discharged from the internal space to a side (radially outer
side) through the inner gas discharge hole, flows through the
space between the side wall of the forward end portion of the
outer protector and the side wall of the forward end portion of
the inner protector. Subsequently, the gas-to-be-detected
flows through the space toward the axially forward end side,
and then flows through the gap between the bottom portion of
the outer protector and the bottom portion of the inner pro-
tector toward the center axis. The gas-to-be-detected is then
discharged to the outside of the protector through the outer
gas discharge hole formed in the bottom portion of the outer
protector.

However, when the above-mentioned gas discharge pas-
sage is employed, the gas-to-be-detected introduced into the
internal space of the inner protector cannot be discharged to
the outside efficiently and quickly, whereby the responsive-
ness of the gas sensor may deteriorate.

The present invention was made in view of the present
situation, and an object of the invention is to provide a gas
sensor having a protector which is improved in gas discharge
performance to thereby enhance the responsiveness of the gas
sensor and which can properly protect a detection element
from adhesion of water.

Means for Solving the Problems

One mode of the present invention is a gas sensor compris-
ing a detection element extending in an axial direction and
having a detection portion which is provided on a forward end
side thereof and adapted to detect a particular gas component
contained in a gas-to-be-detected; a housing which surrounds
a radial circumference of the detection element in a state in
which the detection portion projects from a forward end of the
housing; and a protector which is fixed to the housing and
which surrounds the circumference of the detection portion,
the protector including an inner protector which accommo-
dates the detection portion in an internal space of the inner
protector, and an outer protector which accommodates the
inner protector, wherein the inner protector includes a tubular
first inner wall having a first inner hole extending there-
through, a tubular second inner wall which is located on an
axially forward end side of the first inner wall and which has
a diameter smaller than that of the first inner wall, the second
inner wall having a second inner hole extending therethrough,
and an inner bottom wall which closes a forward end of the
second inner wall; and the outer protector includes a tubular
first outer wall which surrounds the circumference of the first
inner wall and forms a tubular first space between the first
outer wall and the first inner wall, the first outer wall having a
first outer hole extending therethrough at a position on the
axially forward end side in relation to the first inner hole, a
tubular second outer wall which is located on the axially
forward end side of the first outer wall, which has a diameter
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smaller than that of the first outer wall and larger than that of
the first inner wall, and which surrounds the circumference of
the second inner wall and forms a tubular second space
between the second outer wall and the second inner wall, the
second outer wall being airtightly connected, at a base end
portion thereof; to a forward end portion of the first inner wall,
and extending toward the axially forward end side in relation
to the inner bottom wall, and a taper wall which is located on
the axially forward end side of the second outer wall, which
has the shape of a tapered tube whose diameter decreases
toward the axially forward end side, and which has a second
outer hole which is a forward end opening of the taper wall,
the entirety of the taper wall being disposed on the axially
forward end side in relation to the inner bottom wall.

In the above-described gas sensor, the gas-to-be-detected
flows through the interior of the protector along the following
route. Specifically, the gas-to-be-detected is introduced into
the first space (the space between the first outer wall and the
first inner wall) from the outside through the first outer hole of
the outer protector (outer gas introduction hole). The gas-to-
be-detected then flows within the first space toward the axi-
ally base end side, and is introduced into the internal space of
the inner protector through the first inner hole of the inner
protector (inner gas introduction hole). After that, the gas-to-
be-detected flows within the internal space toward the axially
forward end side, is discharged to the outside of the inner
protector through the second inner hole of the inner protector
(inner gas discharge hole), and is introduced into the second
space (the space between the second outer wall and the sec-
ond inner wall). After being introduced into an in-taper space
surrounded by the taper wall of the outer protector, the gas-
to-be-detected is discharged to the outside of the protector
through the second outer hole ofthe outer protector (outer gas
discharge hole).

Notably, the first inner hole of the inner protector is located
on the axially base end side in relation to the detection portion
of the detection element, and the second inner hole is located
on the axially forward end side in relation to the detection
portion of the detection element. Therefore, a portion of the
gas-to-be-detected introduced into the internal space through
the first inner hole is led to the detection portion of the detec-
tion element in the course of flowing within the internal space
toward the axially forward end side and being discharged to
the outside of the inner protector through the second inner
hole.

Incidentally, in the case where the base end portion of the
second outer wall of the outer protector is not connected to the
forward end portion of the first inner wall of the inner protec-
tor in an airtight manner (in a state in which gas cannot flow
through the connected portion), a portion of the gas-to-be-
detected introduced into the first space from the outside
through the first outer hole flows into the second space
through the gap between the second outer wall and the first
inner wall, and then flows (or tries to flow) into the internal
space of the inner protector through the second inner hole.
Therefore, the gas introduced into the internal space of the
inner protector through the first inner hole is prevented from
being discharged to the outside of the inner protector through
the second inner hole. As a result, the gas discharge perfor-
mance may deteriorate.

In contrast, in the above-described gas sensor, the base end
portion (portion opposite the forward end portion) of the
second outer wall of the outer protector is connected to the
forward end portion of the first inner wall of the inner protec-
tor over the entire circumference around the axis in an airtight
manner (in a state in which gas cannot flow through the
connected portion).
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Therefore, the gas-to-be-detected introduced into the first
space from the outside through the first outer hole does not
flow from the first space directly to the second space, and
assuredly flows within the first space toward the axially base
end side, and is introduced through the first inner hole into the
internal space of the inner protector (space which accommo-
dates the detection portion of the detection element). As a
result, the gas-to-be-detected introduced into the internal
space of the inner protector through the first inner hole can be
smoothly discharged to the outside of the inner protector
through the second inner hole.

Notably, the base end portion of the second outer wall and
the forward end portion of the first inner wall may be con-
nected together by crimping, fitting, or welding.

Moreover, in the above-described gas sensor, the outer
protector has a tapered-tubular (truncated conical tubular)
taper wall which is located on the axially forward end side of
the second outer wall and whose diameter decreases toward
the axially forward end side. This taper wall has the second
outer hole, which is a forward end opening (which opens at
the forward end).

By virtue of the above-described configuration, in a region
outside the protector (within a flow passage of the gas-to-be
detected), the flow velocity of the gas-to-be-detected
increases in the vicinity of the forward end of the taper wall
(in the vicinity of the second outer hole), and due to the
Venturi effect, a strong negative pressure is produced in the
vicinity of the forward end of the taper wall (in the vicinity of
the second outer hole). As a result, the gas-to-be-detected
introduced into the internal space is effectively and quickly
discharged to the outside of the protector while being drawn
toward the second outer hole located at the forward end of the
taper wall.

In addition, the gas-to-be-detected introduced into the
taper space flows toward the forward end side along the taper
wall whose diameter decreases toward the axially forward
end side, and flows to the outside through the second outer
hole, which is the forward end opening of the taper wall,
while maintaining the flow direction. Through employment
of'the configuration for forcing the gas-to-be-detected to flow
straight toward the second outer hole and discharging it, the
gas-to-be-detected can be discharged -efficiently and
smoothly.

Moreover, in the above-described gas sensor, the entirety
of'the taper wall is disposed on the axially forward end side in
relation to the inner bottom wall of the inner protector. There-
fore, the gas-to-be-detected discharged from the second inner
hole of the second inner wall of the inner protector passes
through the second space between the second outer wall and
the second inner wall, enters the large in-taper space sur-
rounded by the taper wall only (where the inner protector does
not exist), and then flows toward the second outer hole.

Incidentally, in the case where, unlike the above-described
gas sensor, the taper wall is disposed such that a portion
(located on the base end side) of the taper wall is located on
the axially base end side in relation to the inner bottom wall of
the inner protector, the gas-to-be-detected discharged from
the second inner hole passes through the gap between the
taper wall and the second inner wall. Since the taper wall has
the shape of a tapered tube whose diameter decreases toward
the axially forward end side, the space between the taper wall
and the second inner wall becomes smaller than the second
space between the second outer wall and the second inner
wall. Therefore, in this case, the gas flow passage becomes
narrower, and the gas discharge performance deteriorates.

In contrast, in the above-described gas sensor, the entire
taper wall is located on the axially forward end side in relation
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to the inner bottom wall of the inner protector. Therefore, a
large gas flow passage can be secured, whereby the gas dis-
charge performance becomes good.

Accordingly, the above-described gas sensor has an
improved gas discharge performance, and thus has an
enhanced responsiveness.

Also, the above-described gas sensor has an inner bottom
wall which closes the forward end of the second inner wall.
Namely, the inner bottom wall of the inner protector does not
have a through-hole which penetrates the inner bottom wall.
As a result, the forward end opening (the second outer hole)
of the taper wall and the inner bottom wall of the inner
protector overlap each other as viewed in the axial direction.
Therefore, even when water enters from the outside to the
interior of the protector through the second outer hole, which
is the forward end opening of the taper wall, the inner bottom
wall of the inner protector prevents the water from flowing
directly into the interior of the inner protector. As a result, it is
possible to properly protect the detection element accommo-
dated within the inner protector from adhesion of water.

In the above-described gas sensor, preferably, a relation
L1<1.2<L3 is satisfied, where [.1 represents the shortest dis-
tance between the second outer wall and the second inner wall
at a forward end of the second inner hole (a portion of the
second inner wall located at a position corresponding to the
forward ends of the second inner hole), 1.2 represents the
shortest distance between a base end of the taper wall and the
inner protector, and L3 represents the shortest distance
between a forward end of the taper wall and the inner bottom
wall.

In the above-described gas sensor, the relation [L1<[.2<[.3
is satisfied. As a result, the gas flow passage tends to expand
from the second inner hole of the inner protector toward the
second outer hole of the outer protector. Therefore, the above-
described gas sensor has a further improved gas discharge
performance.

Incidentally, when water from the outside enters the inte-
rior of the outer protector through the second outer hole of the
outer protector, the water may flow from the second outer hole
of'the outer protector toward the second inner hole of the inner
protector. However, since the above-described gas sensor sat-
isfies the above-mentioned relation L.1<[.2<L.3, the flow pas-
sage of the water tends to narrow from the second outer hole
of'the outer protector toward the second inner hole of the inner
protector. As aresult, even when water from the outside enters
the interior of the outer protector through the second outer
hole of the outer protector, the water hardly flows into the
second space, and hardly flows into the interior of the inner
protector through the second inner hole. Therefore, the water
becomes unlikely to adhere to the detection element accom-
modated within the inner protector.

In any of the above-described gas sensors, preferably, a
base end portion of the first outer wall is located on a radially
outer side of a forward end portion of the housing; and the first
outer wall has a tubular shape and extends straight from a
position located on the radially outer side of the forward end
portion of the housing toward the axially forward end side.

In the gas sensor of the above-described Patent Document
1 (Japanese Patent Application Laid-Open No. 2011-
112557), a large diameter portion of the outer protector is
located on the radially outer side of the forward end portion of
the housing (metallic shell). Further, a trunk portion which is
smaller in diameter than the large diameter portion is dis-
posed on the radially inner side in relation to the large diam-
eter portion with a step portion which is bent radially inward
being disposed therebetween. The trunk portion forms a
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space in cooperation with a trunk portion (corresponding to
the first inner wall of the present invention) of the inner
protector.

Meanwhile, in the above-described gas sensor, the base
end portion of the first outer wall is located on the radially
outer side of the forward end portion of the housing, and the
first outer wall has the shape of a tube which extends straight
from a position located on the radially outer side of the for-
ward end portion of the housing toward the axially forward
end side. As described above, in the above-described gas
sensor, unlike the gas sensor of Patent Document 1, the first
outer wall extends straight from the position located on the
radially outer side of the forward end portion of the housing
toward the axially forward end side without being bent toward
the radially inner side. As a result, as compared with the case
where the first outer wall is bent toward the radially inner side,
alarger gap can be formed between the first outer wall and the
first inner wall. Therefore, water entering the interior of the
outer protector through the first outer hole can be stored in the
gap in a large amount, and can be discharged through the first
outer hole. As a result, even when water enters through the
first outer hole, the water hardly reaches the first inner hole
and hardly flows into the interior of the inner protector
through the first inner hole. Accordingly, in the above-de-
scribed gas sensor, water hardly adheres to the detection
element.

In any of the above-described gas sensors, preferably, the
diameter of an inscribed circle of the first inner hole is smaller
than that of the first outer hole.

The diameter of a circle (or a sphere) inscribed to the first
inner hole (a wall surface which forms the first inner hole)
corresponds to the maximum diameter of water droplets
which can pass through the first inner hole. Similarly, the
diameter of a circle (or a sphere) inscribed to the first outer
hole (a wall surface which forms the first outer hole) corre-
sponds to the maximum diameter of water droplets which can
pass through the first outer hole. Accordingly, by making the
diameter of the inscribed circle (inscribed sphere) of the first
inner hole smaller than the diameter of the inscribed circle
(inscribed sphere) of the first outer hole, it becomes more
difficult for water to pass through the first inner hole, as
compared with the first outer hole. As a result, even when
water has entered the interior of the outer protector through
the first outer hole, the water is less likely to flow into the
interior of the inner protector through the first inner hole.
Accordingly, in the above-described gas sensor, water is less
likely to adhere to the detection element.

In any of the above-described gas sensors, preferably, a
relation A<B<C is satisfied, where A represents the total
opening area of the second outer hole, B represents the total
opening area of the second inner hole, and C represents the
total opening area of the first inner hole.

In the above-described gas sensor, as described above, the
gas-to-be-detected introduced into the internal space of the
inner protector through the first inner hole of the inner pro-
tector flows within the internal space toward the axially for-
ward end side, and is discharged to the outside of the inner
protector through the second inner hole of the inner protector.
The gas-to-be-detected is then discharged to the outside of the
protector through the second outer hole of the outer protector.
Incidentally, the smaller the opening area of a hole, the greater
the difficulty for the gas to pass through the hole. Accord-
ingly, of the second outer hole, the second inner hole, and the
first inner hole, a hole which has the smallest opening area
(total opening area) determines the amount of the gas dis-
charged to the outside of the protector (discharge perfor-
mance).
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In contrast, the above-described gas sensor, the total open-
ing area A of the second outer hole, the total opening area B
of the second inner hole, and the total opening area C of the
first inner hole satisfy the relation A<B<C. Namely, of the
totals opening areas of the second outer hole, the second inner
hole, and the first inner hole, the total opening area A of the
second outer hole is made smallest. Accordingly, in the
above-described gas sensor, the amount of gas discharged to
the outside of the protector (discharge performance) is
adjusted by the second outer hole without being affected by
the gas discharge performance of the second inner hole and
that of the first inner hole.

In addition, of the totals areas of the second outer hole, the
second inner hole, and the first inner hole, the total opening
area C of the first inner hole is made largest. Therefore, the
introduction of the gas into the internal space of the inner
protector through the first inner hole becomes easier. As a
result, the responsiveness of the gas sensor can be enhanced.

Notably, in the case where a plurality of second outer holes
are formed, the “total opening area” of the second outer hole
is the sum of the opening areas of the second outer holes. This
also applies to the second inner hole and the first inner hole.
The number of the second outer holes, the number of the first
inner holes, and the number of the second inner holes, or the
opening area per hole of the second outer holes, that of the
first inner holes, and that of the second inner holes may be
properly set so as to satisfy the above-described relation
among their total opening areas.

In the above-described gas sensor, preferably, a relation
C<D is satisfied, where C represents the total opening area of
the first inner hole, and D represents the total opening area of
the first outer hole.

As described above, in the above-described gas sensor, the
gas is introduced into the interior of the protector from the
outside through the first outer hole of the outer protector, and
the introduced gas then passes through the first inner hole of
the inner protector and the second inner hole of the inner
protector and is discharged to the outside through the second
outer hole of the outer protector.

Furthermore, in the above-described gas sensor, the total
opening area D of the first outer hole and the total opening
area C of the first inner hole satisfies the relation C<D. Also,
as described above, the total opening area A of the second
outer hole, the total opening area B of the second inner hole,
and the total opening area C of the first inner hole satisty the
relation A<B<C<D. Accordingly, in the above-described gas
sensor, the total opening area A of the second outer hole, the
total opening area B of the second inner hole, the total open-
ing area C of the first inner hole, and the total opening area D
of the first outer hole satisfy the relation A<B<C<D. As
described above, of the totals areas of the first outer hole, the
first inner hole, the second inner hole, and the second outer
hole, the total opening area of the first outer hole is made
largest. Therefore, the introduction of the gas into the interior
of'the protector through the first outer hole becomes easier. As
aresult, the responsiveness of the gas sensor can be enhanced.

Notably, in the case where a plurality of first outer holes are
formed, the “total opening area” of the first outer hole is the
sum of the opening areas of the first outer holes. The number
of the first outer holes and the number of the first inner holes,
or the opening area per hole of the first outer holes and that of
the first inner holes may be properly set so as to satisfy the
above-described relation between their total opening areas.

In any of the above-described gas sensors, preferably, the
inner protector has a connection wall for connecting the first
inner wall and the second inner wall together; and the con-
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nection wall has the shape of a tapered tube whose diameter
decreases toward the axially forward end side.

Since the connection wall, which connects the first inner
wall and the second inner wall, has the shape of a tapered tube
(truncated conical tube) whose diameter decreases toward the
axially forward end side, as compared with the case where the
connection wall has the shape of a flat ring extending orthogo-
nally to the axis, the flow of the gas-to-be-detected which
flows within the internal space toward the axially forward end
side (from the space surrounded by the first inner wall to the
space surrounded by the second inner wall) can be made
smooth. Accordingly, the gas sensor has a further enhanced
gas discharge performance.

In any of the above-described gas sensors, preferably, the
first outer hole is located at a forward end portion of the first
outer wall; and the first inner hole is located at a base end
portion of the first inner wall.

By disposing the first outer hole and the first inner hole at
the above-described positions, the first inner hole can be
greatly separated from the first outer hole toward the axially
base end side. Therefore, even when water enters through the
first outer hole, the water becomes less likely to reach the first
inner hole, and becomes less likely to flow into the interior of
the inner protector through the first inner hole. Therefore, in
the above-described gas sensor, water becomes more unlikely
to adhere to the detection element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Half sectional view of a gas sensor according to an
embodiment.

FIG. 2 Sectional view of an inner protector of the gas
sensor.

FIG. 3 Sectional view of an outer protector of the gas
sensor.

FIG. 4 View used for describing a flow of a gas-to-be-
detected within the gas sensor.

FIG. 5 Enlarged view of a portion H of FIG. 1.

FIG. 6 View used for describing a flow of a gas-to-be-
detected within a gas sensor of a comparative example.

MODES FOR CARRYING OUT THE INVENTION
Embodiment

An embodiment of the present invention will next be
described with reference to the drawings.

FIG. 1 is a half sectional view of a gas sensor 100 of the
present embodiment. FIG. 2 is a sectional view of an inner
protector 161 of the gas sensor 100. FIG. 3 is a sectional view
of an outer protector 171 of the gas sensor 100. FIG. 4 is an
enlarged view of a forward end portion of the gas sensor 100
which is attached to an exhaust pipe of an unillustrated auto-
mobile such that the forward end portion of the gas sensor 100
is located within the exhaust pipe. FIG. 4 is used for describ-
ing the flow of exhaust gas (gas-to-be-detected) G.

Notably, in FIGS. 1 to 4, the lower side is an axially forward
end side (hereinafter also referred to as the forward end side
for simplicity), and the upper side is an axially base end side
(hereinafter also referred to as the base end side for simplic-
ity). Also, in FIG. 4, the left side is the upstream side (engine
side) of the exhaust pipe through which exhaust gas G flows,
and the right side is the downstream side of the exhaust pipe.

The gas sensor 100 is a so-called full range air/fuel ratio
sensor which is attached to the exhaust pipe of an unillus-
trated automobile and which holds therein a detection ele-
ment 120. A detection portion 121 of the detection element
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120 is exposed to exhaust gas (gas-to-be-detected) which
flows through the exhaust pipe so as to detect the air/fuel ratio
of'the exhaust gas from the concentration of oxygen (particu-
lar gas component) contained in the exhaust gas.

As shown in FIG. 1, this gas sensor 100 is mainly com-
posed of a tubular metallic shell (housing) 110 extending in
an axial direction (the direction along an axis AX, the vertical
direction in FIG. 1); the plate-shaped detection element 120
held inside the metallic shell 110; an outer cylinder 151
fixedly provided on the base end side of the metallic shell 110;
and a double-wall protector 160 which is fixedly provided on
the forward end side of the metallic shell 110 and which is
composed of an inner protector 161 and an outer protector
171.

The detection element 120 has a plate-like shape (strip-like
shape) extending in the axial direction, and a forward end
portion of the detection element 120 is the detection portion
121 for detecting the oxygen gas component contained in the
exhaust gas. This detection element 120 has a known struc-
ture and is formed by bonding together for unification a
plate-shaped gas detecting body for detecting oxygen con-
centration and a plate-shaped heater body for heating the gas
detecting body for quick activation thereof. The gas detecting
body is composed of a solid electrolyte body which predomi-
nantly contains zirconia, and a pair of electrodes (detection
and reference electrodes) which predominantly contains
platinum. The pair of electrodes are disposed on the detection
portion 121.

The detection portion 121 has a gas introduction portion
123 for introducing the exhaust gas into the interior of the
element. This gas introduction portion 123 is formed of a
porous material and has a rectangular shape in a planar view.
In order to protect the detection electrode from poisoning by
the exhaust gas, a protection layer 125 is provided on the
detection portion 121 such that the protection layer 125 cov-
ers the outer surface of the detection portion 121. Also, five
electrode pads 128 (one of which is shown in FIG. 1) for
allowing external connection with the electrodes of the gas
detecting body and the heater body are formed on a base end
portion 129 of the detection element 120.

A bottomed tubular metal cup 131 is disposed at a position
slightly deviated forward from the center of a trunk portion
127 of the detection element 120 in such a manner that the
detection element 120 is inserted through the interior of the
metal cup 131 with the detection portion 121 projecting from
an opening 131c¢ formed in the bottom of the metal cup 131.
The metal cup 131 is a member for holding the detection
element 120 in the metallic shell 110. A forward-end periph-
eral edge portion 132 ofthe metal cup 131 is tapered such that
the diameter of the metal cup 131 decreases toward the for-
ward end thereof.

The metal cup 131 contains a ceramic ring 133 made of
alumina and a first talc ring 135 formed by compacting a talc
powder, in such a manner that the detection element 120 is
inserted through the ceramic ring 131 and through the first
talc ring 135. The first talc ring 135 is crushed within the
metal cup 131 so as to tightly fill an associated space, thereby
holding the detection element 120 in position in the metal cup
131.

The detection element 120 united with the metal cup 131 is
held by the tubular metallic shell 110 such that its radial
circumference is surrounded by the metallic shell 110. The
metallic shell 110 is adapted to fixedly attach the gas sensor
100 to the exhaust pipe of the automobile. The metallic shell
110 is formed from low-carbon steel such as SUS430. An
external thread portion 111 for attachment to the exhaust pipe
is formed on the forward end side of the outer circumference
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10
ofthe metallic shell 110. The metallic shell 110 has an annular
forward end fixing portion 113 which is projectingly formed
on the forward end side of the external thread portion 111 and
to which the protector 160 to be described later is fixed.

The metallic shell 110 also has a tool engagement portion
117 which is formed at the center of the outer circumference
of the metallic shell 110 and with which a mounting tool is
engaged. In order to prevent leakage of gas when the gas
sensor 100 is attached to the exhaust pipe, a gasket 119 is
fitted to a portion of the metallic shell 110 between the tool
engagement portion 117 and the external thread portion 111.
The metallic shell 110 further has a base end fixing portion
116 which is formed on the base end side of the tool engage-
ment portion 117 and to which the outer cylinder 151 to be
described later is fixed. The metallic shell 110 further has a
crimp portion 118 which is formed on the base end side of the
base end fixing portion 116 and which is adapted to crimp-
hold the detection element 120 in the metallic shell 110.

The metallic shell 110 has a stepped portion 115 which is
formed on the forward end side of the inner circumference of
the metallic shell 110 and which is tapered such that its
diameter decreases toward the forward end side. The tapered
front-end peripheral edge portion 132 of the metal cup 131
which holds the detection element 120 is engaged with the
stepped portion 115.

Furthermore, a second talc ring 137 is disposed in the
metallic shell 110 to be located on the base end side of the
metal cup 131 in such a state that the detection element 120 is
inserted through the second talc ring 137. A tubular sleeve
141 is fitted into the metallic shell 110 in such a manner as to
press the second talc ring 137 from the base end side of the
second talc ring 137. The sleeve 141 has a step-like shoulder
portion 142. An annular crimp packing 143 is disposed on the
shoulder portion 142. The crimp portion 118 of the metallic
shell 110 is crimped in such a manner as to press the shoulder
portion 142 of the sleeve 141 toward the forward end side via
the crimp packing 143.

Being pressed by the sleeve 141, the second talc ring 137 is
crushed within the metallic shell 110, thereby tightly filling
an associated space. By means of the second talc ring 137 and
the first talc ring 135, which is previously placed in the metal
cup 131, the metal cup 131 and the detection element 120 are
held in position in the metallic shell 110. The crimp packing
143 disposed between the crimp portion 118 and the shoulder
portion 142 of the sleeve 141 maintains the airtightness of the
interior of the metallic shell 110, to thereby prevent leakage of
combustion gas.

A base end portion 129 of the detection element 120
projects toward the base end side beyond the crimp portion
118, which is the base end portion of the metallic shell 110.
The base end portion 129 is covered with a tubular separator
145 formed from an electrically insulative ceramic. The sepa-
rator 145 internally holds five connection terminals 147 (one
of'which is shown in FIG. 1) electrically connected to the five
electrode pads 128 formed on the base end portion 129 of the
detection element 120. Also, the separator 145 accommo-
dates connection portions between the connection terminals
147 and corresponding five lead wires 149 (three of which are
shown in FIG. 1), which extend to the exterior of the gas
sensor 100, while insulating them from one another.

The tubular outer cylinder 151 is disposed in such a manner
as to surround the circumference of the separator 145. The
outer cylinder 151 is made of stainless steel (SUS304 in the
present embodiment). A forward end opening portion 152 of
the outer cylinder 151 is disposed on the radially outer side of
the base end fixing portion 116 of the metallic shell 110. The
forward end opening portion 152 is crimped radially inward,
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and laser welding is performed on the forward end opening
portion 152 along the entire outer circumference thereof,
whereby the forward end opening portion 152 is connected to
the base end fixing portion 116.

A tubular metal holder 153 is disposed in the gap between
the outer cylinder 151 and the separator 145. The metal holder
153 has a support portion 154, which is formed by inwardly
bending a base end of the metal holder 153. The separator 145
is inserted through the metal holder 153 such that a flange
portion 146 formed on the outer circumference of a base end
portion of the separator 145 is engaged with the support
portion 154, whereby the separator 145 is supported by the
support portion 154. In this condition, a portion of the outer
cylinder 151 where the metal holder 153 is disposed is
crimped radially inward, whereby the metal holder 153 which
supports the separator 145 is fixed to the outer cylinder 151.

A grommet 155 made of fluorine-containing rubber is fit-
ted into a base end opening of the outer cylinder 151. The
grommet 155 has five insertion holes 156 (one of which is
shown in FIG. 1). The five lead wires 149 extending out-
wardly from the separator 145 are airtightly inserted through
the respective insertion holes 156. In this condition, while the
grommet 155 presses the separator 145 toward the forward
end side, a portion of the outer cylinder 151 which corre-
sponds to the grommet 155 is crimped radially inward,
whereby the grommet 155 is fixed to the outer cylinder 151.

The detection portion 121 of the detection element 120
held by the metallic shell 110 projects from the forward end
fixing portion 113, which is a forward end portion of the
metallic shell 110. The protector 160 is fitted to the forward
end fixing portion 113 so as to protect the detection portion
121 of the detection element 110 from fouling with deposits
(poisoning substances, such as fuel ash and oil) contained in
exhaust gas and from breakage caused by adhesion of water.
The protector 160 is fixed to the forward end fixing portion
113 by laser welding. This protector 160 includes a tubular
inner protector 161 having a bottom, and an outer protector
171 which accommodates the inner protector 161 (see FIGS.
1to 4).

As shown in FIG. 4, the inner protector 161 is fixed to the
metallic shell 110 in a state in which the detection portion 121
of'the detection element 120 is disposed in the internal space
S3 of the inner protector 161. As shown in FIGS. 1, 2, and 4,
the inner protector 161 has a base end portion 163; a first inner
wall 164 located on the axially forward end side (the lower
sidein FIGS. 1,2, and 4) of the base end portion 163; a second
inner wall 165 located on the axially forward end side of the
first inner wall 164, and a disk-like inner bottom wall 162
which closes the forward end of the second inner wall 165.

The first inner wall 164 has a cylindrical tubular shape and
has first inner holes 167 which penetrate the first inner wall
164. Notably, in the present embodiment, eight first inner
holes 167 having the same shape (same dimension) are
formed at equal intervals in the circumferential direction. All
the eight first inner holes 167 are located on the axially base
end side (the upper side in FIGS. 1 and 4) in relation to the
detection portion 121 of the detection element 120.

The second inner wall 165 has a cylindrical tubular shape,
is smaller in diameter than the first inner wall 164, and has
second inner holes 166 which penetrate the second inner wall
165. Notably, in the present embodiment, four second inner
holes 166 are formed at equal intervals in the circumferential
direction. All the four second inner holes 166 are located on
the axially forward end side (the lower side in FIGS. 1 and 4)
in relation to the detection portion 121 of the detection ele-
ment 120.
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Notably, although the inner diameters of the first inner wall
164 and the second inner wall 165 are smaller than the outer
diameter of the forward end fixing portion 113 of the metallic
shell 110, the base end portion 163 has an increased diameter
such that the base end portion 163 is located on the outer side
of the forward end fixing portion 113.

The outer protector 171 is fixed to the metallic shell 110 in
a state in which the outer protector 171 accommodates the
inner protector 161 therein. The outer protector 171 has a first
outer wall 174; a second outer wall 175 located on the axially
forward end side of the first outer wall 174, and a taper wall
172 located on the axially forward end side of the second
outer wall 175 (see FIGS. 1, 3, and 4).

The first outer wall 174 has a cylindrical tubular shape, and
surrounds the circumference of the first inner wall 164 while
forming a tubular first space S1 in cooperation with the first
inner wall 164 of the inner protector 161. Further, the first
outer wall 174 has first outer holes 177 which penetrate the
first outer wall 174 and are located on the axially forward end
side in relation to the first inner holes 167 of the inner pro-
tector 161 (see FIGS. 1 and 4). Notably, in the present
embodiment, eight first outer holes 177 having the same
shape (same dimension) are formed at equal intervals in the
circumferential direction. All the eight first outer holes 177
are located on the axially forward end side in relation to the
first inner holes 167 of the inner protector 161.

The second outer wall 175 has a cylindrical tubular shape,
and has an inner diameter smaller than the inner diameter of
the first outer wall 174 and larger than the outer diameter of
the first inner wall 164. Further, the second outer wall 175
surrounds the circumference of the second inner wall 165
while forming a tubular second space S2 in cooperation with
the second inner wall 165. The second outer wall 175 extends
to a point on the axially forward end side of the inner bottom
wall 162 of the inner protector 161.

In particular, in the present embodiment, the second outer
wall 175 is connected at its base end portion 1755 to a forward
end portion 164¢ of the first inner wall 164 in an airtight
manner (in a state in which gas cannot flows through the
connected portion). Specifically, the base end portion 1755 of
the second outer wall 175 and the forward end portion 164¢ of
the first inner wall 164 are airtightly connected (fitted)
together over the entire circumference around the axis AX by
means of press-fitting the forward end portion 164¢ of the first
inner wall 164 into the base end portion 1755 of the second
outer wall 175.

The taper wall 172 has the shape of a tapered tube (trun-
cated conical tube) whose diameter decreases toward the
axially forward end side. This taper wall 172 has a second
outer hole 176, which is a forward end opening of the outer
protector 171. In particular, in the present embodiment, the
entirety of the taper wall 172 is disposed on the axially for-
ward end side in relation to the inner bottom wall 162 of the
inner protector 161.

The base end portion 1745 of the first outer wall 174 of the
outer protector 171 is disposed on the outer side of the base
end portion 163 of the inner protector 161. Laser welding is
performed along the entire outer circumference of the base
end portion 1745 of the outer protector 171 so as to fix (weld)
the base end portion 1745 of the outer protector 171, together
with the base end portion 163 ofthe inner protector 161, to the
forward end fixing portion 113 of the metallic shell 110.

In the gas sensor 100 of the present embodiment, the
exhaust gas (gas-to-be-detected) G within the exhaust pipe
flows through the interior of the protector 160 (the inner
protector 161 and the outer protector 171) along the following
route.
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Specifically, as shown in FIG. 4, the exhaust gas G having
flowed through the exhaust pipe from the upstream side
thereof (the left side in FIG. 4) toward the gas sensor 100 is
introduced into the first space S1 within the protector 160 (the
space between the first outer wall 174 and the first inner wall
164) through the first outer holes 177 of the outer protector
171 (outer gas introduction holes).

The exhaust gas G then flows within the first space S1
toward the axially base end side (the upper side in FIG. 4), and
is introduced into the internal space S3 of the inner protector
161 through the first inner holes 167 of the inner protector 161
(inner gas introduction holes). After that, the exhaust gas G
flows within the internal space S3 toward the axially forward
end side (the lower side in FIG. 4), is discharged to the outside
of'the inner protector 161 through the second inner holes 166
of the inner protector 161 (inner gas discharge holes), and is
introduced into the second space S2 (the space between the
second outer wall 175 and the second inner wall 165). After
being introduced into an in-taper space S4 surrounded by the
taper wall 172 of the outer protector 171, the exhaust gas G is
discharged to the outside of the protector 160 through the
second outer hole 176 of the outer protector 171 (outer gas
discharge hole).

Notably, the first inner holes 167 of the inner protector 161
are located on the axially base end side in relation to the
detection portion 121 of the detection element 120, and the
second inner holes 166 are located on the axially forward end
side in relation to the detection portion 121. Therefore, a
portion of the exhaust gas G introduced into the internal space
S3 through the first inner holes 167 is led to the gas introduc-
tion portion 123 of the detection portion 121 in the course of
flowing within the internal space S3 toward the axially for-
ward end side and being discharged to the outside of the inner
protector 161 through the second inner holes 166.

Incidentally, in the case where the base end portion of the
second outer wall of the outer protector is not connected to the
forward end portion of the first inner wall of the inner protec-
tor in an airtight manner (in a state in which gas cannot flow
through the connected portion), a portion of the exhaust gas
introduced into the first space from the outside through the
first outer holes flows into the second space through the gap
between the second outer wall and the first inner wall, and
then flows (or tries to flow) into the internal space of the inner
protector through the second inner holes. Therefore, the gas
introduced into the internal space of the inner protector
through the first inner holes is prevented from being dis-
charged to the outside of the inner protector through the
second inner holes. As a result, the gas discharge performance
may deteriorate.

In contrast, in the gas sensor 100 of the present embodi-
ment, the base end portion 17556 of the second outer wall 175
of the outer protector 171 is connected to (fitted onto) the
forward end portion 164¢ of the first inner wall 164 of the
inner protector 161 over the entire circumference around the
axis in an airtight manner (in a state in which gas cannot flow
through the connected portion).

Therefore, the exhaust gas G introduced into the first space
S1 from the outside through the first outer holes 177 does not
flow from the first space S1 directly to the second space S2,
and assuredly flows within the first space S1 toward the axi-
ally base end side, and is introduced into the internal space S3
of the inner protector 161 (space which accommodates the
detection portion 120 of the detection element 120) through
the first inner holes 167 (see FIG. 4). As a result, the exhaust
gas G introduced into the internal space S3 of the inner
protector 161 through the first inner holes 167 can be
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smoothly discharged to the outside of the inner protector 161
through the second inner holes 166.

Moreover, in the gas sensor 100 of the present embodi-
ment, the outer protector 171 has, at its axially forward end
portion, the tapered-tubular (truncated conical tubular) taper
wall 172 whose diameter decreases toward the axially for-
ward end side. The taper wall 172 has the second outer hole
176, which is a forward end opening.

By virtue of the above-described configuration, as indi-
cated by arrows in F1G. 4, in aregion outside the protector 160
(within the exhaust pipe), the flow velocity of the exhaust gas
G increases in the vicinity of the forward end of the taper wall
172 (in the vicinity of the second outer hole 176), and due to
the Venturi effect, a strong negative pressure can be produced
in the vicinity of the forward end of the taper wall 172 (in the
vicinity of the second outer hole 176). As a result, the exhaust
gas G introduced into the internal space S3 is effectively and
quickly discharged to the outside of the protector 160 while
being drawn toward the second outer hole 176 located at the
forward end of the taper wall 172.

In addition, as indicated by arrows in FIG. 4, the exhaust
gas G introduced into the taper space S4 flows toward the
forward end side along the taper wall 172 whose diameter
decreases toward the axially forward end side, and flows to
the outside through the second outer hole 176, which is the
forward end opening of the taper wall 172, while maintaining
the flow direction. As described above, through employment
of the configuration for forcing the exhaust gas G to flow
straight toward the second outer hole 176 and discharging it,
the exhaust gas G can be discharged efficiently and smoothly.

Moreover, in the gas sensor 100 of the present embodi-
ment, the entirety of the taper wall 172 is disposed on the
axially forward end side in relation to the inner bottom wall
162 of the inner protector 161. Therefore, the exhaust gas G
discharged from the second inner holes 166 of the second
inner wall 165 of the inner protector 161 passes through the
second space S2 between the second outer wall 175 and the
second inner wall 165, enters the large in-taper space S4
surrounded by the taper wall 172 only (where the inner pro-
tector 161 does not exist), and then flows toward the second
outer hole 176.

FIG. 6 shows a gas sensor 200 of a comparative example.
Unlike the gas sensor 100 of the embodiment, in the gas
sensor 200, the taper wall 272 is disposed such that a portion
(located on the base end side, the upper side in FIG. 6) of the
taper wall 272 is located on the axially base end side (the
upper side in FIG. 6) in relation to the inner bottom wall 162
of'the inner protector 161. In other words, the gas sensor 200
differs from the gas sensor 100 of the embodiment in that the
taper wall is moved toward the base end side such that a
base-end-side portion of the taper wall is located on the axi-
ally base end side in relation to the inner bottom wall 162 of
the inner protector 161. Notably, in FIG. 6, the position of the
taper wall 172 of the embodiment is indicated by an alternate
long and two short dashes line.

In the case of this gas sensor 200, the exhaust gas G dis-
charged from the second inner holes 166 passes through the
gap between the taper wall 272 and the second inner wall 165.
Like the taper wall 172 of the embodiment, the taper wall 272
has the shape of a tapered tube whose diameter decreases
toward the axially forward end side. Therefore, the space
between the taper wall 272 and the second inner wall 165 in
the gas sensor 200 is narrower than the second space S2
between the second outer wall 175 and the second inner wall
165 in the gas sensor 100 (see FIGS. 4 and 6). Therefore, in
the gas sensor 200, the gas flow passage becomes narrower,
and the gas discharge performance deteriorates.
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In contrast, in the gas sensor 100 of the embodiment, the
entire taper wall 172 is located on the axially forward end side
in relation to the inner bottom wall 162 of the inner protector
161. Therefore, a large gas flow passage can be secured,
whereby the gas discharge performance becomes good.

Accordingly, in the gas sensor 100 of the embodiment, the
gas discharge performance becomes good, and as a result, the
responsiveness of the gas sensor can be enhanced.

Moreover, as shown in FIG. 5, in the gas sensor 100 of the
embodiment, a relation L1<[L.2<L.3 is satisfied, where L1
represents the shortest distance between the second outer wall
175 and the second inner wall 165 at the forward ends 1665 of
the second inner holes 166 (a portion of the second inner wall
165 located at a position corresponding to the forward ends
1664 of the second inner holes 166), .2 represents the short-
est distance between the base end 172¢ of the taper wall 172
and the inner protector 161, and .3 represents the shortest
distance between the inner bottom wall 162 and the forward
end 1726 of the taper wall 172. As a result, the gas flow
passage tends to expand from the second inner holes 166 of
the inner protector 161 toward the second outer hole 176 of
the outer protector 171. Therefore, the gas sensor 100 of the
embodiment has a further improved gas discharge perfor-
mance.

Incidentally, when water enters the interior of the outer
protector 171 from the outside through the second outer hole
176 of the outer protector 171, the water may flow from the
second outer hole 176 of the outer protector 171 toward the
second inner holes 166 of the inner protector 161. However,
since the gas sensor 100 of the embodiment satisfies the
above-mentioned relation .1<[.2<L.3, the flow passage of the
water tends to narrow from the second outer hole 176 of the
outer protector 171 toward the second inner holes 166 of the
inner protector 161. As a result, even when water enters the
interior of the outer protector 171 from the outside through
the second outer hole 176 of the outer protector 171, the water
hardly flows into the second space S2, and hardly flows into
the interior of the inner protector 161 through the second
inner holes 166.

In the gas sensor of the above-described Patent Document
1 (Japanese Patent Application Laid-Open No. 2011-
112557), a large diameter portion of the outer protector is
located on the radially outer side of the forward end portion of
the metallic shell. Further, a trunk portion which is smaller in
diameter than the large diameter portion is disposed on the
radially inner side in relation to the large diameter portion
with a step portion which is bent radially inward being dis-
posed therebetween. The trunk portion forms a space in coop-
eration with a trunk portion (corresponding to the first inner
wall of the present invention) of the inner protector.

Meanwhile, in the gas sensor 100 of the embodiment, as
shown in FIG. 4, the base end portion 1745 of the first outer
wall 174 is located on the radially outer side of the forward
end fixing portion 113 of the metallic shell 110, and the first
outer wall 174 has the shape of a tube (cylindrical tube) which
extends straight from a position located on the radially outer
side of the forward end fixing portion 113 of the metallic shell
110 toward the axially forward end side (the lower side in
FIG. 4).

As described above, in the gas sensor 100 of the embodi-
ment, unlike the gas sensor of Patent Document 1, the first
outer wall 174 extends straight from the position located on
the radially outer side of the forward end fixing portion 113 of
the metallic shell 110 toward the axially forward end side
without being bent toward the radially inner side. As a result,
as compared with the case where the first outer wall 174 is
bent toward the radially inner side, a larger gap can be formed
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between the first outer wall 174 and the first inner wall 164.
Therefore, water entering the interior of the outer protector
171 through the first outer holes 177 can be stored in the gap
in a large amount, and can be discharged through the first
outer holes. As a result, even when water enters through the
first outer holes 177, the water hardly reaches the first inner
holes 167 and hardly flows into the interior of the inner
protector 161 through the first inner holes 167. Accordingly,
in the gas sensor 100 of the embodiment, water hardly
adheres to the detection element 120.

Notably, in the present embodiment, the forward end fixing
portion 113 of the metallic shell 110 corresponds to the “for-
ward end portion of the housing” described in claims.

Furthermore, in the gas sensor 100 of the embodiment, the
diameter D1 of a circle (or a sphere) inscribed to each first
inner hole 167 (a wall surface which forms the first inner hole
167) is smaller than the diameter D2 of a circle (or a sphere)
inscribed to each first outer hole 177 (a wall surface which
forms the first outer hole 177) (see FIGS. 1 to 3). Notably, in
the present embodiment, since the first inner holes 167 are
circular, the diameter D1 of the inscribed circles (inscribed
spheres) of the first inner holes 167 coincides with the diam-
eter of the first inner holes 167. Further, since the first outer
holes 177 are also circular, the diameter D2 of the inscribed
circles (inscribed spheres) of the first outer holes 177 coin-
cides with the diameter of the first outer holes 177.

The diameter D1 of the first inner holes 167 (the diameter
D1 of the inscribed circles of the first inner holes 167) corre-
sponds to the maximum diameter of water droplets which can
pass through the first inner holes 167. Similarly, the diameter
D2 of the first outer holes 177 (the diameter D2 of the
inscribed circles of the first outer holes 177) corresponds to
the maximum diameter of water droplets which can pass
through the first outer holes 177. Accordingly, by making the
diameter D1 of the first inner holes 167 smaller than the
diameter D2 of the first outer hole 177, it becomes more
difficult for water to pass through the first inner holes 167, as
compared with the first outer holes 177. As a result, even
when water has entered the interior of the outer protector 171
through the first outer holes 177, the water is less likely to flow
into the interior of the inner protector 161 through the first
inner holes 167. Accordingly, in the gas sensor 100 of the
present embodiment, water is less likely to adhere to the
detection element 120.

Further, as described above, in the gas sensor 100 of the
present embodiment, the exhaust gas G introduced into the
interior of the outer protector 171 from the outside through
the first outer holes 177 of the outer protector 171 flows
through the first inner holes 167 of the inner protector 161 into
the internal space S3, then flows within the internal space S3
toward the axially forward end side (the lower side in FIG. 4),
and is discharged to the outside of the inner protector 161
through the second inner holes 166 of the inner protector 161.
The exhaust gas G is then discharged to the outside of the
protector 160 through the second outer hole 176 of the outer
protector 171.

Incidentally, the smaller the opening area of a hole, the
greater the difficulty for the exhaust gas G to pass through the
hole. Accordingly, of the second outer hole 176, the second
inner holes 166, and the first inner holes 167, a hole(s) which
has the smallest opening area (total opening area) determines
the amount of the exhaust gas G discharged to the outside of
the protector 160 (discharge performance).

In the gas sensor 100 of the embodiment, the total opening
area A of the second outer hole 176, the total opening area B
of'the second inner holes 166, and the total opening area C of
the first inner holes 167 satisfy the relation A<B<C. Namely,
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of the totals opening areas of the second outer hole 176, the
second inner holes 166, and the first inner holes 167, the total
opening area A of the second outer hole 176 is made smallest.
Accordingly, in the gas sensor 100 of the embodiment, the
amount of gas discharged to the outside of the protector 160
(discharge performance) is adjusted by the second outer hole
176 without being affected by the gas discharge performance
of the second inner holes 166 and that of the first inner holes
167.

In addition, of the totals areas of the second outer hole 176,
the second inner holes 166, and the first inner holes 167, the
total opening area C of the first inner holes 167 is made
largest. Therefore, the introduction of the exhaust gas G into
the internal space S3 of the inner protector 161 through the
first inner holes 167 becomes easier. As a result, the respon-
siveness of the gas sensor can be enhanced.

Notably, in the present embodiment, a plurality of (four)
second inner holes 166 are formed. Accordingly, the “total
opening area” of the second inner holes 166 is the sum of the
opening areas of the second inner holes 166. This also applies
to the first inner holes 167.

Furthermore, in the gas sensor 100 of the embodiment, the
total opening area D of the first outer holes 177 and the total
opening area C of'the first inner holes 167 satisfy the relation
C<D. Accordingly, in the gas sensor 100 of the embodiment,
the total opening area A of the second outer hole 176, the total
opening area B of the second inner holes 166, the total open-
ing area C of the first inner holes 167, and the total opening
area D of the first outer holes 177 satisfy the relation
A<B<C<D. As described above, of the totals areas of the first
outer holes 177, the first inner holes 167, the second inner
holes 166, and the second outer hole 176, the total opening
area D of the first outer holes 177 is made largest. Therefore,
the introduction of the exhaust gas G into the interior of the
protector 160 through the first outer holes 177 becomes
easier. As a result, the responsiveness of the gas sensor can be
enhanced.

Notably, in the present embodiment, a plurality of (eight)
first outer holes 177 are formed. Accordingly, the “total open-
ing area” of the first outer holes 177 is the sum of the opening
areas of the first outer holes 177.

Moreover, in the gas sensor 100 of the embodiment, the
connection wall 168, which connects the first inner wall 164
and the second inner wall 165 of the inner protector 161, has
the shape of a tapered tube (truncated conical tube) whose
diameter decreases toward the axially forward end side (see
FIG. 4). As a result, as compared with the case where the
connection wall has the shape of a flat ring extending orthogo-
nally to the axis AX, the flow of the exhaust gas G which flows
within the internal space S3 toward the axially forward end
side (from the space surrounded by the first inner wall 164 to
the space surrounded by the second inner wall 165) can be
made smooth.

Also, in the gas sensor 100 of the embodiment, the forward
end of the inner protector 161 (the forward end of the second
inner wall 175) is closed by the inner bottom wall 162.
Namely, the inner bottom wall 162 of the inner protector 161
does not have a through-hole which penetrates the inner bot-
tom wall 162. As a result, the forward end opening (the
second outer hole 176) of the taper wall 172 and the inner
bottom wall 162 of the inner protector 161 overlap each other
as viewed in the axial direction. Therefore, when external
water enters the interior of the protector 160 through the
second outer hole 176, which is the forward end opening of
the taper wall 172, the inner bottom wall 162 of the inner
protector 161 prevents the water from flowing directly into
the interior of the inner protector 161. As a result, it is possible
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to properly protect the detection element 120 accommodated
within the inner protector 161 from adhesion of water.

Further, in the gas sensor 100 of the embodiment, the first
outer holes 177 are disposed at the forward end portion of the
first outer wall 174, and the first inner holes 167 are disposed
at the base end portion of the first inner wall 164. As a result,
the first inner holes 167 can be greatly separated from the first
outer holes 177 toward the axially base end side. Therefore,
even when water enters through the first outer holes 177, the
water becomes less likely to reach the first inner holes 167,
and becomes less likely to flow into the interior of the inner
protector 161 through the first inner holes 167. Therefore, the
water becomes more unlikely to adhere to the detection ele-
ment 120.

Although the present invention has been described on the
basis of an embodiment thereof, the present invention is not
limited to the embodiment. Needless to say, the present inven-
tion may be implemented while being properly modified
without departing from the scope of the invention.

For example, in the embodiment, the gas sensor 100 is a
full-range air/fuel ratio sensor. However, the present inven-
tion can be applied to oxygen sensors, NO, sensors, HC
sensors, etc.

Also, inthe present embodiment, the base end portion 1756
of'the second outer wall 175 and the forward end portion 164¢
of'the first inner wall 164 are airtightly connected together by
means of press-insertion (fitting) of the forward end portion
164c¢ of the first inner wall 164 into the base end portion 1756
of the second outer wall 175. However, the manner of air-
tightly connecting the base end portion of the second outer
wall and the forward end portion of the first inner wall is not
limited to fitting. For example, the base end portion of the
second outer wall and the forward end portion of the first
inner wall may be airtightly connected together by means of
crimping or welding (welding over the entire circumference).

Furthermore, in the present embodiment, the number of the
first outer holes 177 is 8, the number of the first inner holes
167 is 8, and the number of the second inner holes 166 is 4.
However, the numbers of the first outer holes, the first inner
holes, and the second inner holes may be freely set so as to
satisfy the above-described relation among their total open-
ing areas. Therefore, the embodiment may be modified such
that the first outer holes, the first inner hole, and the second
inner holes are rendered the same in number, and the opening
area per hole of the first outer holes, that of the first inner
holes, and that of the second inner holes are properly set so as
to satisfy the above-described relation among their total open-
ing areas.

DESCRIPTION OF REFERENCE NUMERALS

100: gas sensor

110: metallic shell (housing)

113: forward end fixing portion of the metallic shell (forward
end portion of the housing)

120: detection element

121: detection portion

123: gas introduction portion

160: protector

161: inner protector

162: inner bottom wall

164: first inner wall

164c¢: forward end portion of the first inner wall

165: second inner wall

166: second inner hole

167: first inner hole

168: connection wall
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171: outer protector

172: taper wall

174: first outer wall

175: second outer wall

175b: base end portion of the second outer wall

176: second outer hole

177: first outer hole

AX: axis

G: exhaust gas (gas-to-be-detected)

D1: diameter of the first inner holes (diameter of the inscribed
circles of the first inner holes)

D2: diameter of the first outer holes (diameter of the inscribed
circles of the first outer holes)

S1: first space

S2: second space

S3: internal space

S4: in-taper space

The invention claimed is:

1. A gas sensor comprising:

a detection element extending in an axial direction and
having a detection portion which is provided on a for-
ward end side thereof and adapted to detect a particular
gas component contained in a gas-to-be-detected;

a housing which surrounds a radial circumference of the
detection element in a state in which the detection por-
tion projects from a forward end of the housing; and

a protector which is fixed to the housing and which sur-
rounds the circumference of the detection portion, the
protector including an inner protector which accommo-
dates the detection portion in an internal space of the
inner protector, and an outer protector which accommo-
dates the inner protector, wherein

the inner protector includes

atubular first inner wall having a first inner hole extending
therethrough,

a tubular second inner wall which is located on an axially
forward end side of the first inner wall and which has a
diameter smaller than that of the first inner wall, the
second inner wall having a second inner hole extending
therethrough, and

an inner bottom wall which closes a forward end of the
second inner wall; and

the outer protector includes

a tubular first outer wall which surrounds the circumfer-
ence of the first inner wall and forms a tubular first space
between the first outer wall and the first inner wall, the
first outer wall having a first outer hole extending there-
through at a position on the axially forward end side in
relation to the first inner hole,

a tubular second outer wall which is located on the axially
forward end side of the first outer wall, which has a
diameter smaller than that of the first outer wall and
larger than that of the first inner wall, and which sur-
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rounds the circumference of the second inner wall and
forms a tubular second space between the second outer
wall and the second inner wall, the second outer wall
being airtightly connected, at a base end portion thereof,
to a forward end portion of the first inner wall, and
extending toward the axially forward end side in relation
to the inner bottom wall, and

ataper wall which is located on the axially forward end side

ofthe second outer wall, which has the shape of a tapered
tube whose diameter decreases toward the axially for-
ward end side, and which has a second outer hole which
is a forward end opening of the taper wall, the entirety of
the taper wall being disposed on the axially forward end
side in relation to the inner bottom wall.

2. A gas sensor as claimed in claim 1, wherein a relation
L1<1.2<L.3 is satisfied, where L1 represents the shortest dis-
tance between the second outer wall and the second inner wall
at a forward end of the second inner hole, [.2 represents the
shortest distance between a base end of the taper wall and the
inner protector, and L3 represents the shortest distance
between a forward end of the taper wall and the inner bottom
wall.

3. A gas sensor as claimed in claim 1, wherein

a base end portion of the first outer wall is located on a

radially outer side of a forward end portion of the hous-
ing; and

the first outer wall has a tubular shape and extends straight

from a position located on the radially outer side of the
forward end portion of the housing toward the axially
forward end side.

4. A gas sensor as claimed in claim 1, wherein the diameter
ofan inscribed circle of the first inner hole is smaller than that
of the first outer hole.

5. A gas sensor as claimed in claim 1, wherein a relation
A<B<C is satisfied, where A represents the total opening area
of'the second outer hole, B represents the total opening area of
the second inner hole, and C represents the total opening area
of the first inner hole.

6. A gas sensor as claimed in claim 5, wherein a relation
C<D is satisfied, where C represents the total opening area of
the first inner hole, and D represents the total opening area of
the first outer hole.

7. A gas sensor according to as claimed in claim 1, wherein

the inner protector has a connection wall for connecting the

first inner wall and the second inner wall together; and
the connection wall has the shape of a tapered tube whose
diameter decreases toward the axially forward end side.

8. A gas sensor as claimed in claim 1, wherein

the first outer hole is located at a forward end portion of the

first outer wall; and

the first inner hole is located at a base end portion of the first

inner wall.



